Summary
The onset of spermatogenesis in relation to age, body weight and testes weight in 105 marmosets used in safety studies has been reviewed. The histological recognition of adverse effects on spermatogenesis is an important part of these studies and this survey indicates that male marmosets should be at least SOweeks and preferably 60 weeks of age if an assessment of all stages of spermatogenesis is required for safety evaluation.
When marmosets are used for preclinical safety testing of new medicines, it is usual to examine the effects of the test substance on spermatogenesis and it is important that the testicles are mature when the animals are used. Although endocrinological and physical features have been reported on sexual maturity in marmosets (Hearn, Abbott, Chambers, Hodges & Lunn, 1978) , there has been no detailed review of testicular morphology. A number of toxicity studies of I month's duration have been performed in our laboratories with marmosets (Callithrix jacchus) and the onset of spermatogenesis in animals ranging in age between 8 months and 2 years has been reviewed. Histological assessment of testicular development has been related to age, body weight and testes weight.
Materials and methods
The marmosets in this survey originated from an in-house breeding colony in which each breeding pair is kept in a suitably sized metal cage (AllType Tools). Dates of birth are recorded and offspring are kept with their parents until approximately 4 months old. The offspring are then removed to holding pens and sex-segregated, prior to experimental use. For at least I month before and throughout experimentation they are held in sex-segregated pairs in metal cages (All-Type Tools), and provided with a wooden nesting-box. After weaning the marmosets are maintained on a diet of chopped fruit (banana, orange and apple), with " A number of studies have been performed with marmosets with relatively innocuous compounds where administration was restricted by physical dose/volume constraints rather than toxicity. In particular, histological examination of the testes from these studies showed no evidence of treatment-related effects on spermatogenesis. Furthermore, there were no effects of treatment on bodyweight, nor statistically significant differences between relative testes weights from the treated and control groups.
As a routine, marmosets were weighed just prior to euthanasia and several organ weights, including those of testes, recorded with a Mettler Pl120 balance. The epididymides were always removed prior to weighing the testes. After adequate formalin fixation and routine paraffin processing, sections of testes and epididymides were cut at 5 pm and stained with haematoxylin and eosin.
Sections of the testes were examined for a number of features: stages of spermatogenesis; size and dilation of seminiferous tubules; appearance of Sertoli and interstitial cells; contents of epididymal tubules. Pairs of testes were then assigned to I of 5 categories of development (immature, early puberty, late puberty, early maturity, maturity, Figs 1-5) as described in the results.
Results
The categories of testicular development adopted as being appropriate for assessment of morphological maturity may be summarized as follows. Immature animals showed no evidence of spermatogenesis; early pubertal testes showed the commencement of spermatogenesis, but only to the spermatocyte stage; late pubertal testes showed cell-differentiation to the spermatid stage; testes assessed as in early maturity showed complete spermatogenesis, but spermatozoa were evident in only very few seminiferous tubules; full maturity was seen as spermatogenesis in the majority of tubules. It was only at the stage of fun maturity that spermatozoa were recognized in the tubules of the epididymides. The details of the appearances of these various stages are given in the legends to Figs 1-5. The increase in diameter of seminiferous tubules as the marmosets mature is readily appreciable. There were no features of Sertoti or interstitial cells that distinguished any of the stages of maturity. Fig. 6a shows the association between age and various designated stages of maturity. It is apparent that whereas early mature/mature testes may be encountered in only very few animals < 52 weeks old, immature or pubertal testes may be seen in marmosets as old as 64 weeks. When considered as a proportion of the population of marmosets of 52 weeks and older, the immature and pubertal gonadal stages formed 11/80 (14%) of this subdivision. When only post 60-week old animals are considered, this proportion drops to 2/69 (3%). Fig. 6b illustrates the association between
Jackson & Edmunds bodyweight and testicular maturity and shows a much less clear relationship than that existing between age and testicular development. In this respect no immature/pubertal testis was recognized in any animal weighing more than 300 g, but below this weight approximately 50% of the total population of marmosets had mature testes. Fig. 6c gives the association between combined testes weights and the various stages of maturity. This organ weight assessment broadly supports the histological categorization.
Discussion
The objective of this survey was to determine a criterion by which it could be reasonably assured that testicular maturity had been attained in marmosets. Attainment of maturity is important when using this species for preclinical safety evaluation of medicines so that potentially harmful effects on spermatogenesis may be recognized by histological examination. Against this requirement is a preference to use growing animals, since effects on body weight gain can be a sensitive indicator of toxicity. In any event the earliest possible age for use will carry implications for the economy of the breeding/holding facility. The conclusion drawn from this survey is that age is a better criterion for prediction of testicular maturity than bodyweight.
If male marmosets are selected for use in toxicology at not les~than 52 weeks of age, it would be reasonable to expect > 85% to have mature testes. If marmosets are used not less than 60 weeks of age, testicular immaturity would be a most infrequent occurrence.
The association between testis weight and various stages of maturity suggests the possibility of a more direct approach.
Assuming a linear relationship between testis size and weight, measurement of testes diameter could be expected to provide a reasonable basis for assessment of testicular maturity, but this would need to be the subject of a further study.
This particular survey of marmosets from a number of toxicity studies is essentially a pragmatic approach, since the use of only control animals would have provided a sample of insufficient size and age range. Within this limitation the general growth of treated animals was comparable to controls and since there was no evidence of testicular toxicity, the observations of this survey are considered to represent the normal development of the testes in the marmoset.
The information on the attainment of gonadal maturity in marmosets is sparse and more is available for females than males due to their use in contraceptive research (Hearn & Lunn, 1975) or teratology (Phillips, 1975) . Wadsworth, Budgett & Foster (1981) gave organ weight data in juvenile and adultmar •. :nosets, but no attempt was made to differentiate between mature and immature testes in the ranges reported. and Hearn et at. (1978) , studied the onset of puberty and maturity for male and female Callithrix jacchus by both physical and endocrinological criteria.
Measurement of plasma testosterone in males showed that adult levels were reached at about 350 days, whereas adult testis size was attained by about 550 days. These findings broadly agree with our own conclusion that marmosets younger than 1 year should not be used for toxicology if assessment of testicular function is an important feature of the study. Within our breeding colony male marmosets generally become of proven fertility at about 15 months of age, although as early as 11 months has been recorded.
Figures.
In 
